An important objective of the Pacific Exploratory Mission-West A (PEM-West A) was the chemical characterization of the outflow of tropospheric trace gases and aerosol particles from the Asian continent over the western Pacific Ocean. This paper summarizes the chemistry of this outflow during the period September -October 1991. The vertical distributions of CO, C2H6, and NO× showed regions of outflow at altitudes below 2 km and from 8 to 12 km. Mixing ratios of CO were =130 parts per billion by volume (ppbv), =1000 parts per trillion by volume (pptv) for C2H6, and =100 pptv for NOx in both of these regions. Direct outflow of Asian industrial materials was clearly evident at altitudes below 2 kin, where halocarbon tracer compounds such as CH3CCI 3 and C2C14 were enhanced about threefold compared to aged Pacific air. The source attribution of species outflowing from Asia to the Pacific at 8 -12 km altitude was not straightforward.
Introduction
The mineralogy of sediments collected from the North Pacific Ocean between 30°and 40"N latitude is identical to that of aeolian mineral particles originating on the Asian continent [Blank et al., 1985] [Duce et al., 1980] . This seasonal impact is most evident at higher latitudes, presumably resulting from the westerly wind regime there in the large-scale meteorological features [Merrill et al., 1985] . [Balkanski et al., 1993] .
Indeed, the transport of 21°pb over the Pacific Ocean appears to be closely tied to aeolian transport of mineral aerosols derived from the extensive arid regions of Asia [Turekian and Cochran, 1981; Uematsu et al., 1983; Prospero et al., 1985] . https://ntrs.nasa.gov/search.jsp?R=19980025482 2019-07-20T03:20:47+00:00Z OUTFLOW OVER THE WESTERN PACIFIC appears to be linked to dust storm activity on the Asian continent [Uematsu et al., 1983] .
In contrast to nitrate, data for aerosol SO42 do not necessarily imply a strong continental source [Savoie and Prospero, 1989] .
The sulfur regime appears to be driven by a general predominance of natural emissions from the North Pacific, mainly of dimethylsulfide [Savoie and Prospero, 1989; Arimoto et al., this issue I. Episodic impact of continental sources on aerosol SO4 z-is evident at some North Pacific locations, particularly those at more northern latitudes (e.g., Midway and Shemya Islands) [Prospero et al., 1985] . [Gagosian et al., 1981 [Gagosian et al., , 1982 ; (2) high-molecular weight organic compounds of anthropogenic nature [Atlas and Giam, 1981] ;
and (3) lead with a distinct anthropogenic isotopic signature [Settle and Patterson, 1982] ; and a broad spectrum of trace metals from natural and anthropogenic sources [Duce et al., 19831 .
At mid-Pacific equatorial locations the weak inputs of continental materials during the summer and fall months appear to be derived from continental areas to the east. The lead isotopic signature during these warmer months matches that of a western
North American source region [Settle and Patterson, 1982] . 
Experiment
The In the middle to upper troposphere the flow was predominately westerly off the Asian continent, especially noah of 30°latitude.
Rapid westerly flow occurred in the 7-to 12.5-km altitude region due to the Japan (polar)jet [Merrill et al., 1985; Kritz et al., 1990] . Convective activity over China could potentially inject ground level emissions into this jet region where they would be subjected to rapid transport eastward over Japan and the North Pacifc Ocean. A large majority of the constant altitude flight legs in the 2 -7 and 7 -12.5 km regions were influenced by such
Asian continental outflow during missions conducted from Japan and Hong Kong.
Measurement Database
Extensive processing of final archived data was required to obtain the data products utilized in our analysis here. (Figure 2c ). In the middle to upper troposphere, mixing ratios of C2CI 4 were near values typical of aged marine air [Gregory et al., I-Butene < 2 NA < 2 < 2-7.5 16 < 2 NA < 2 < 2-< 2 3 i-Pentane < 2 NA < 2 < 2-< 2 16 < 2 NA < 2 < 2-< 2 3 n-Pentane < 2 NA < 2 < 2-< 2 16 < 2 NA < 2 < 2-< 2 3 n-Hexane < 2 NA < 2 < 2-< 2 16 < 2 NA < 2 < 2-< 2 3 Figure  2c [ Matsueda et al., 1993] . The biogenic tracer compounds shown in Figure 3c illustrate the same basic regime described for the CN case. It appears that the biogenic source/sink relationships are accentuated in the upper troposphere for the CS data. We observed mixing ratios of CO_ generally <352 ppmv, CH 4 up to 1840 ppbv, and OCS as low as 445 pptv ( Figure  3c ). These data indicate potential biogenic uptake of CO_ and OCS [Chin and Davis, 1993] and emission of CH4 from Southeast Asia ecosystems [Bachelet and +Veue, 1993] .
These results would normally be expected in the boundary layer;
the surprise is that we observed this at high altitude. These results reemphasize the point that the air masses sampled in the free troposphere appear to have significant recent inputs from ground level sources. In fact, the large values of the ratio C31t,/C_H 6 at 8- [Galloway, 1989] . Convective activity could transport these combustion emissions to high altitude where they would have a good opportunity to be rapidly swept into our study region [Newell et al., this issue] .
European emissions could also contribute to the chemistry at high altitude, but they should contain significant amounts of industrial tracer compounds. The fact that the mixing ratios of industrial tracers (e.g., C2C14 and CH3CCI3) at high altitude were near those of aged marine air over the Pacific argues against a European influence.
The PEM-West A data indicate that Asian sources are significant contributors of chemical species to the atmosphere over the western Pacific. The direct outflow at low altitude was clearly of Asian origin. It is a complicated issue, however, to confidently identify a unique Asian signature from other potential long-range sources to the free troposphere over the western Pacific.
Conclusions
We have presented the chemical characteristics of Asian continental outflow over the western Pacific Ocean. Mixing ratios of most species and the ratios C2HJCO and C3Hs/C2H 6 were very similar in air masses classified as <2 and 2 -5 days of transport from over the Pacific rim landmasses. It appears that much of the outflowing air had already undergone significant photochemical processing before being advected over the western Pacific Ocean.
At low altitude the chemistry was clearly dominated by Asian source emissions under outflow conditions. In the free troposphere the situation was much more complex, with the possibility of a mixture of Asian and long-range transport influencing the distribution of trace gases and aerosol species. In addition, biogenic metabolism processes on the Asian continent appear to be important for influencing the distribution of CO 2, CH 4, and OCS over the western Pacific.
